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(Fig. 2). Intraoperatively, two renal arteries were found origi-
nating in close proximity from the aorta (Fig. 2A). Each was
taken separately, and a common orifice was reconstructed prior
to transplantation in the recipient’s left iliac fossa. Warm ische-
mic time was 4 minutes and 20 seconds; estimated blood loss
was 200 cc. There were no intraoperative complications, and
the combined procedure took 4 hours, 24 minutes.
The donor was discharged on the second postoperative day.
She had required only 38 mg of morphine sulfate during the
hospitalization. Upon discharge, only four acetaminophen with
codeine tablets and eight plain acetaminophen tablets were
required for pain relief. She returned to her usual activities,
including child care for her granddaughter, two weeks postop-
eratively. She has had no long-term complications after six
months of follow-up.
The allograft functioned immediately upon placement in theCASE PRESENTATION
recipient. The recipient was treated with tacrolimus, mycophe-A 51-year-old woman presented for evaluation to donate a nolate mofetil, and prednisone, our standard immunosuppres-kidney to her daughter-in-law, who had end-stage renal disease sive regimen. By day 4, the serum creatinine had decreasedsecondary to hypertension. The woman had no significant renal from 9.5 mg/dL to 1.5 mg/dL. The recipient was discharged onor urologic history. However, she had a history of irritable
postoperative day 5. She has had no episodes of rejection. Herbowel syndrome, which had been treated with dietary manipu-
creatinine clearance 8 months postoperatively was 60 mL/min.lation. She had undergone an ovarian resection, appendectomy,
and previous left laparoscopic oophorectomy for an ectopic
pregnancy. She had no allergies and was not taking any medica- DISCUSSIONtions. She did have intermittent symptoms of chronic cystitis.
She was a full-time homemaker and was involved in taking Dr. Louis R. Kavoussi (Chief, Department of Urol-
care of her 8-month-old granddaughter. ogy, Johns Hopkins Bayview Medical Center, and Patrick
Physical examination was unremarkable, as was psychologi- C. Walsh Distinguished Professor of Urology, Johns Hop-
cal screening. Laboratory studies were normal including com-
kins University, Baltimore, Maryland, USA): Kidneyplete blood count, liver function study, and serum electrolytes.
transplantation is the best option for treating end-stageHer BUN was 7 mg/dL; serum creatinine, 0.8 mg/dL; and creati-
nine clearance, 119 mL/min. A hepatitis profile and viral anti- renal disease. Unfortunately, a large disparity exists be-
body screening were negative. She was ABO compatible with tween the number of individuals who could benefit from
her daughter-in-law, and HLA typing demonstrated a two- this treatment and the number of available kidneys. More-
antigen match.
over, this disparity has worsened over the past few years,Preoperative three-dimensional computerized tomography
as evidenced by increased waiting times for recipients(CT) reconstruction revealed a single renal artery with an early
bifurcation as well as normal venous anatomy (Fig. 1). Both [1]. For example, at our institution, the average waiting
kidneys appeared equal in size. A large gallstone was noted. time for a cadaveric kidney transplant has increased from
Nine months ago, she underwent a left laparoscopic donor two years in 1990 to four years currently. Because the
nephrectomy and simultaneous laparoscopic cholecystectomy.
supply of cadaveric kidneys has remained relativelyThe kidney was removed through a Pfannenstiel incision. Two
fixed, alternative sources of organs have been sought1 cm and one 0.5 cm incisions were used for the dissection
over the last decade.
One great potential means for obtaining more kidneys
The Nephrology Forum is funded in part by grants from AstraZeneca is through live donation. When compared with cadaveric
LP; Amgen, Incorporated; Merck & Co., Incorporated; Dialysis Clinic, renal transplantation, living-donor transplantation hasIncorporated; and R & D Laboratories.
several advantages, including greater patient and graft
Key words: end-stage renal disease, kidney donation, transplantation. survival, more rapid renal function, shorter hospitaliza-
tion, and lower cost [2–4]. However, several barriersÓ 2000 by the International Society of Nephrology
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Fig. 1. Three-dimensional CT reconstruction
detailing arterial anatomy of the left kidney.
The CT findings were interpreted as demon-
strating a single artery with early branching.
exist for potential live donors. Significant time is involved nical points. I then will review the advantages to the
donor along with safety and cost issues. Next we willwhen one donates a kidney. Many individuals do not
have adequate financial and social support available that look at allograft and recipient outcomes. Finally, I will
consider the learning curve along with its implicationswould allow them to make the personal sacrifices and
the time commitment necessary for kidney donation. and the effect of this procedure on the willingness of
individuals to donate kidneys.Moreover, the relatively prolonged convalescence can
have a significant financial impact on the donor [5]. Fi-
Technical considerationsnally, natural fear of pain as well as cosmetic concerns
associated with a traditional flank incision can militate Indications for, and preparation of, both the donor and
recipient are no different for the laparoscopic techniqueagainst kidney donation.
Laparoscopic nephrectomy was introduced in 1991 as than for traditional open, that is, surgical, live donation
[13]. As has been done for three decades, the donor under-a minimally invasive alternative for removing diseased
kidneys [6]. Several subsequent studies have demon- goes full physical, psychological, and laboratory screen-
ing. We obtain a three-dimensional CT angiogram forstrated the marked decrease in postoperative pain, shorter
convalescence, and improved cosmetic results achieved use as an anatomic roadmap. The 3D reconstruction is
as effective as arteriography in defining arterial anatomycompared with traditional nephrectomy [7–9]. In 1995
Dr. Lloyd Ratner and I modified this technique and per- [14–16]. In addition, 3D CT angiography is better at
mapping venous anatomy and provides additional infor-formed the first laparoscopic live-donor nephrectomy
[10]. Our goal was to determine whether the same bene- mation regarding abdominal organs and their relation-
ship to the kidneys. However, as demonstrated in thisfits found with extirpative laparoscopic nephrectomy
could be conveyed to renal donors without compromis- patient, the clinical findings can differ somewhat from
those predicted by 3D reconstruction. In our experience,ing the allograft. Results from our and other institutions
have demonstrated that the laparoscopic approach offers these differences have not had clinical significance.
Contraindications to the laparoscopic approach areadvantages to live renal donors similar to those found
in patients in whom a kidney is removed because of related to donor factors as well as to the surgeon’s experi-
ence. Laparoscopic live-donor nephrectomy is performeddisease [11, 12].
In this presentation I will first outline some basic tech- as a transperitoneal procedure. Thus, donors who have
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Fig. 2. Intraoperative photograph demonstrating two renal arteries originating in close proximity from the aorta.
had prior open upper-abdominal surgery should be ap- pared to the human hand. Moreover, tactile sensation
currently cannot be transmitted through the instruments.proached cautiously, as they are at increased risk for
injury to bowel or adjacent organs because of adhesions. These differences result in operative times being 1 to 2
hours longer with laparoscopic donation compared withMultiplicity of renal vessels is not a contraindication;
this procedure has been performed on donors with as open donation [10, 11].
Laparoscopic nephrectomy is performed with the pa-many as four renal arteries [17]. However, the surgeon
must thoughtfully assess each individual’s vascular anat- tient in a modified flank position under a general endo-
tracheal anesthetic. A pneumoperitoneum of 15 mm Hgomy to determine whether successful ex vivo reconstruc-
tion is feasible. is used to create an adequate working space, and the
kidney is approached via a transperitoneal access utiliz-Laparoscopic nephrectomy is more technically de-
manding than other standard abdominal laparoscopic ing four port locations (Fig. 3). One of these port sites
(typically 1 cm) is enlarged to 4 to 6 cm at the end ofprocedures. The surgeon’s experience is crucial for min-
imizing potential morbidity. Significant operative differ- the procedure for safe removal of the kidney. A trans-
peritoneal route is chosen to provide maximal workingences exist between open and laparoscopic donor ne-
phrectomy. The latter approach requires a different set space for dissection. Moreover, as this case illustrates,
the potential exists for addressing other intraperitonealof technical skills than that associated with traditional
open surgery. The endoscopic video image is only two- surgical pathology, for example, removal of the gall-
bladder.dimensional and much narrower when compared with
direct vision afforded by open surgery. The types of The colon is reflected medially and the kidney exposed
within Gerota’s fascia. The kidney then is freed frominstrumentation available for working through the small
incisions afford restricted degrees of freedom when com- surrounding attachments, and the hilum is dissected, re-
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Fig. 3. The four trocar sites for a laparoscopic
donor nephrectomy: umbilicus, midline half-
way between the umbilicus and xyphoid, mid-
line 3 cm above the pubic symphysis, and mid-
clavicular line at the level of the umbilicus.
vealing the artery and branches of the renal vein. Topical
papaverine is used while the artery is dissected to mini-
mize vasospasm. All venous branches are clipped and
transected. The ureter is freed to the level of the iliac
vessels and transected. Care is taken to preserve ade-
quate periureteric tissue to avoid problems with ureteral
ischemia in the recipient. The pneumoperitoneum in-
duces an oliguria associated with decreased renal blood
flow and shunting of blood from the renal cortex to the
medulla [18, 19]. During the dissection, therefore, the
patient is given ample crystalloid along with mannitol
and furosemide to maintain a brisk diuresis.
After the kidney is completely dissected, a bolus of
heparin is given. A gastrointestinal anastomosis stapler
is used to sequentially transect and secure the renal ar-
tery and vein. This device simultaneously puts down
three rows of staples on each side of the vessel and
cuts it. Our experience on the left side with this device
demonstrates adequate venous and arterial length for
transplantation [12]. However, on the right side, as much
as 1.5 cm of venous length is lost. We prefer to modify
the procedure on the right side by dissecting and taking
the vessels in an open manner through an 8 cm right
subcostal incision. We therefore much prefer to utilize
the left kidney even if multiple vessels are present unless
there is a clear advantage to the donor in utilizing the
right kidney. We then extract the kidney by expanding
the fourth lower trocar site and remove it through a 4.5
to 6.0 cm Pfannenstiel incision (Fig. 4). The extracted
kidney is then flushed and prepared for the recipient.
Fig. 4. Incision sites for kidney removal during laparoscopic donorThe incisions are closed and the laparoscopic procedure nephrectomy. A Pfannenstiel incision is utilized most commonly. A
periumbilical incision is used in removing right kidneys.concluded in a standard manner.
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Table 1. Open vs. laparoscopic donor nephrectomy Table 2. Donor complicationsa
Laparoscopic Nxa Open Nx Major
Postoperative retroperitoneal bleed (that required transfusion) 2Results N 5 110 N 5 48 P value
Stapler malfunction (that resulted in emergent open conversion) 1
Estimated blood loss mL 2666174 3936335 0.027 Epigastric artery injury 1
Operative time min 232633 183627 ,0.001 Bowel injury 1
Hospital stay days 3.060.9 5.761.7 ,0.001 Pneumonia 1
Length of time analgesia Incisional hernia 1
used days Minor
Oral narcotic agentsb 4 12 ,0.001 Thigh paresthesia (transient) 7
Acetaminophen 3 17 ,0.001 Superficial wound infection/seroma 5
Resumed PO intake days 0.860.5 2.661.0 ,0.001 Urinary tract infection 2
Returned to work weeks 4.062.3 6.463.1 0.003 Mucus plug/atelectasis 1
Prolonged ileus 1aNx, nephrectomy
bMilligrams of morphine equivalents Epididymitis 1
aData from initial 175 patients at Johns Hopkins University
Implications for donors
lem was reported in the early experience of other groupsLaparoscopic renal donation offers donors several
[11]. Among our first 175 donors, there have been threebenefits in the postoperative period (Table 1). The de-
conversions to open surgery (1.7%), and six patientscreased size of incisions and placement lower on the
needed a transfusion (3.4%). All three conversions wereabdomen significantly reduce postoperative pain when
related to bleeding that could not be controlled laparo-compared to traditional open surgery. In a retrospective
scopically. As with open nephrectomy and with othercomparison of open and laparoscopic kidney donations
laparoscopic surgical procedures, as experience increases,performed at our institution, the mean postoperative
one would expect complications to decrease.intravenous morphine requirements were 124 mg and 40
Although the hospital stay is shorter with this ap-mg respectively (P , 0.001) [20]. The need for oral pain
proach, overall costs at our institution are approximatelymedication also was markedly reduced. With open sur-
$600 more with laparoscopic donation. This increase isgery, donors used oral narcotic tablets an average of
due to the expense associated with a longer operative12 days and acetaminophen for 17 days; laparoscopic
time and specialized equipment. However, if one lookspatients used narcotic tablets for an average of 4 days
at total costs to the patient and society, the laparoscopicand acetaminophen for 3 days (P , 0.001) [21].
approach offers a great advantage. During the postoper-Laparoscopic donors also recuperate faster, with hos-
ative period, donors and their families have expensespital stays on the order of 2.7 days less than for open
associated with recuperation such as child care and do-surgery [22]. Return to physically demanding work also
mestic help and potential loss of income while the donoroccurs, on average, 17 days sooner for the laparoscopic
is out of work. Moreover, employers have to take tempo-group [21]. The smaller incisions and sites of port place-
rary measures to replace the employee. Nasland andment result in an improved postoperative cosmetic result
associates at the University of Maryland looked at 25in comparison with the standard flank incision.
laparoscopic kidney donors and compared them to aTwo significant concerns when developing any new
group undergoing open donation (Nasland M, personaloperative procedure are the potential for complications
communication). The authors assessed actual cost to em-and the learning curve. These issues are of tremendous
ployers while employees were out of work recuperatingimportance to the donor population; after all, a healthy
from surgery. The groups were matched based on age,individual is being subjected to a surgical procedure. The
socioeconomic status, and type of employment. The pa-morbidity associated with traditional open donation has
tients who underwent laparoscopic donation returned tobeen well defined over the past several decades, has been
work on average 25 days sooner than did those undergo-accepted by the transplant community, and is under-
ing open donation. The calculated actual cost saving tostandable to patients. Overall donor complications with
employers exceeded $4000 dollars per employee.the laparoscopic approach compare favorably with those
in previously reported series of open donation, which
Recipient and graft survivalreport rates ranging from 8% to 47% [23–30]. In our
So far we have spoken of the kidney donor. Let’s turninitial 175 laparoscopic donors, the overall complication
our attention now to the recipients of kidneys obtainedrate was 14% with a major complication rate of only 4%
via laparoscopic live-donor nephrectomy. I would like(Table 2). These complications are comparable to those
to ask Dr. Lloyd Ratner, my surgical colleague, to pre-that occur with open surgery. One trocar-related bowel
injury was recognized and repaired intraoperatively. Our sent data from our institution.
Dr. Lloyd E. Ratner (Head, Section of Renal Trans-patients have not had any splenic injuries, but this prob-
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Table 4. Allograft rejection and functionTable 3. Recipient morbidity
Laparoscopic Nxa Open Nx Laparoscopic Nxa Open Nx
N 5 110 N 5 48 P valueN 5 110 N 5 48 P value
Hospital stay median days 7 7 NSb Rejection within 90 days 33 (30%) 17 (35.4%) 0.42
Onset of rejection medianUreteral complications 10 (9.1%) 3 (6.3%) NS
Vascular thrombosis 3 (2.7%) 2 (4.2%) NS days post-Tx 8.0 8.5 0.48
Pathologic findingsRejection during the first
month 32 (29.0%) 15 (31.2%) NS Glomerulitis 0.661.0 0.260.5 0.24
Cellular infiltrate 2.160.8 2.060.8 0.77Dialysis during the first
week 7 (6.4%) 3 (6.2%) NS Tubulitis 1.961.0 1.861.0 0.68
Intimal arteritis 0.560.7 0.560.8 0.63aNx, nephrectomy
Banff diagnostic categorybNS, not significant
score (1–4) 2.861.3 2.761.8 0.56
Creatinine clearance at 12
months mL/min 66 66 0.78
aNx, nephrectomy
plantation, Department of Surgery, Johns Hopkins Medi-
cal Institutions, and Associate Professor of Surgery, Johns
Hopkins University): We recently conducted a retrospec-
tive review of our initial 110 recipients who received teral injury also was seen in the series from the University
kidneys from laparoscopic donation and compared them of Maryland when this technique was adopted [31].
with a group of 48 patients who had received organs Concerns exist regarding the potential effect of laparo-
via standard open nephrectomy (unpublished data). No scopic removal on allograft function [32–34]. In our expe-
statistical differences existed between recipient and do- rience, all grafts functioned intraoperatively and no clini-
nor HLA mismatches, number of related donors, diabet- cally significant injury occurred to the graft. There
ics, previous transplants, gender, or race. The open group appears to be a slight difference in the rate of decline
had a higher percentage of adults donating to children of serum creatinine in open versus laparoscopic donors.
(ages 6 to 16, 22.9% versus 6.4%), and more recipients Early renal function measured in terms of a fall in the
of open donation had received peritoneal dialysis (39.6% serum creatinine was slightly better in the patients receiv-
vs. 18.2%). One-year patient (100% vs. 97%) and graft ing kidneys procured by the open method. Recipients in
survival (93.5% vs. 91.1%) were not statistically signifi- the open group reached their nadir serum creatinine
cantly different between the laparoscopic and open level by postoperative day 3; recipients in the laparos-
groups. No single major cause of graft loss was apparent copic group achieved their nadir on postoperative day
in either group. None of the deaths was related to surgical 4. However, this difference did not affect the length
complications of the transplant placement. The incidence of hospitalization or ultimate graft function. Although
of technical complications was equivalent with the two recipients of donor kidneys obtained via open surgery
approaches (Table 3). Venous thrombosis occurred in initially tended to have lower serum creatinine levels
three patients who received right donor kidneys from than did patients whose grafts were procured via a lapar-
laparoscopic procedures. In two of these patients, techni- oscopic approach, by postoperative day 7 there was no
cal difficulty arose due to short, thin veins in the graft. significant difference between the two groups.
In a third recipient, a deep venous thrombosis of the leg Let us talk for a moment about allograft rejection.
extended to involve the allograft vein. All three kidneys The pneumoperitoneum reduces renal blood flow and
were lost, and we are no longer removing right kidneys urine output [32–34]. The potential for ischemia can
laparoscopically. make the donor kidney more allogeneic by inducing
In our initial 110 recipients, the ureteral complication MHC class-II expression [35]. In an attempt to avoid
rate was 9.1%, much higher than the 3% to 6% rate this problem, donors are given 6 to 8 liters of crystalloid
reported in the literature (unpublished data). We be- intraoperatively to promote a diuresis (abstract; London
lieved that this high percentage was due to our dissecting et al, Mtg Am Soc Transplant Surgeons, 1998). We retro-
too close to the upper ureter. We have modified our tech- spectively evaluated our patients for first rejection epi-
nique and no longer visualize the ureter until it is crossed sodes within 90 days of transplantation (Table 4). We
by the gonadal vein. We accomplish this by clipping and biopsied those with suspected rejection and graded speci-
transecting the left gonadal vein at the level of the renal mens in a blinded fashion on a 0 to 3 scale for degree
vein and following it distally to the pelvis. All tissue of glomerulitis, interstitial mononuclear cell infiltration,
lateral to the gonadal vein is left undisturbed; thus, maxi- tubulitis, and intimal arteritis. A diagnostic score was
mal preservation of the ureteral blood supply is accom- assigned according to the Banff criteria (Table 4) [36].
plished. Since implementing this technical change in our We calculated creatinine clearances at 3, 6, and 12
last 75 recipients, our patients have not sustained any months post transplant by the Cockroft-Gault method.
Biopsy-proven rejection occurred within 90 days ofpostoperative ureteral injuries. A sharp reduction in ure-
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transplantation in 33 recipients of laparoscopically ob- donor kidney donation since we introduced the laparo-
scopic approach. Some of this increase has come fromtained kidneys (30%) and in 17 recipients of kidneys
from open procedures (35.4%). No significant demo- individuals already considering open donation at other
institutions, but patient surveys indicate that at leastgraphic differences were noted between the open and
laparoscopic cohorts except recipient age (31.3 versus 20% of our patients were prompted to donate a kidney
because of the availability of this technique [40].41.2 years, respectively, P 5 0.03). No differences were
seen in the incidence or in the time of onset or severity In sum, laparoscopic nephrectomy offers donors less
postoperative pain, quicker convalescence, and a betterof rejection as determined by histologic scores and Banff
diagnostic category. Moreover, creatinine clearance did cosmetic result when compared to traditional open dona-
tion. In experienced hands, this procedure is accom-not differ at any of the three time intervals studied. At
12 months, creatinine clearance in recipients of kidneys plished without increased risk to donor safety or allograft
function. Complications appear comparable to those re-from laparoscopic and open procedures were both 66
mL/min (P 5 not significant). ported in historic series using open surgery. Longer oper-
ative times and the need for disposable equipment result
Conclusions in greater hospital costs. However, the quicker convales-
cence permits patients to resume activity sooner andDr. Kavoussi: Thank you, Dr. Ratner. Laparoscopic
surgical approaches for removing a kidney are techni- produces marked cost savings both for patients and em-
ployers. Laparoscopic nephrectomy is associated with acally very different than open extrication. Most surgeons
considering performing live-donor nephrectomy have steep learning curve. As such, launching a successful
laparoscopic living-donor program requires a dedicated,not had significant laparoscopic training. Even those ex-
perienced with laparoscopy encounter a very challenging coordinated effort involving physicians, nurses, and hos-
pital administration. Issues that need to be addresseddissection when approaching the kidney. The learning
curve associated with this procedure has been marked are its ultimate impact on the willingness of individuals
by donor complications as well as recipient graft loss to donate organs, and specific methods that will shorten
and ureteral problems [11, 31]. This learning curve is not each surgeon’s learning curve.
unique to this application and was encountered when
the laparoscopic cholecystectomy was introduced [37].
QUESTIONS AND ANSWERSBut even though higher complication rates, for example,
Dr. John T. Harrington (Dean, Tufts Universitycommon bile duct injuries, were noted early on, as sur-
School of Medicine, Boston, Massachusetts): Maybe yougeons obtained more experience this technique evolved
could start the question-and-answer period by telling usinto what is now the most common approach for chole-
a little bit more about handling of right kidneys. Howcystectomy.
do you select which kidney to remove?We must realize that as the popularity of laparoscopic
Dr. Kavoussi: In terms of which kidney is chosen, onelive donation grows, we face the hazard of exposing a
should always use the same criteria that we use for openlarge number of patients to the learning curve for each
donation. We want to leave the recipient with the “bet-surgeon performing this technique. Several approaches
ter” kidney. If there’s a size discrepancy between kid-exist that can ensure that inexperienced surgeons can
neys, we take the smaller kidney. In terms of multiplelearn from experienced centers and thus minimize the
vessels, it depends upon how large they are and whereinitial risks to patients. Formal training courses, appren-
they supply the kidney. We usually try to limit our sur-ticeships, and the use of hand-assisted devices can help
gery to a kidney with no more than two vessels. If thereshorten the learning curve. Hand-assisted laparoscopic
are more than two vessels on the left, or if the lower-surgery involves placing a 7 cm incision in the abdomen
pole vessel appears small, we suggest to the patient thatand using a device that seals the incision to prevent loss
the right kidney be removed. A small lower-pole vesselof the pneumoperitoneum while allowing the surgeon to
can supply the ureter, and any insult can increase theplace one hand in the abdomen to facilitate dissection.
risk of ureteral ischemia and stricture. When taking outThe primary goal obviously is decreasing donor mor-
the right kidney, we operate almost completely laparo-bidity. An important secondary goal, however, is to in-
scopically, except for taking the vessels. In approachingcrease the number of individuals willing to donate. This
the hilum, we make a subcostal incision that exposes theis a difficult outcome to study, as kidney donors are a
hilum; then we take the individual vessels using standardhighly motivated group who make the choice with little
open instrumentation. The incision is still smaller than aambivalence [38]. Some argue that it is unlikely that
traditional right-sided flank incision. A subcostal incisionlaparoscopic donation will have an impact on donation
sometimes prevents the need for removing a rib, but[39]. It is difficult to assess the true impact of this proce-
kidney removal is more uncomfortable with a subcostaldure without in-depth psychosocial studies. However,
we have noted at our institution a 115% increase in live- incision than with a Pfannenstiel incision.
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Dr. Ralph Fairchild (Division of Transplant Surgery, The main thing that concerns me about laparoscopic
New England Medical Center): How do you decide which nephrectomy is the potential for long-term complica-
patients to exclude? tions. A non-surgical audience might not appreciate that
Dr. Kavoussi: Since 1995, we have used a laparoscopic when these surgeries are done traditionally, that is, open,
approach for all patients who have requested it. When the patient is in a retroperitoneal position. Exposure is
we remove the right kidney, we use the technique I more through the back than the side, and you never even
discussed earlier. Our considerable experience with la- see the peritoneum. Some flank muscles are sewn at
paroscopic surgery for benign and malignant disease has closure. By contrast, in a laparoscopic nephrectomy, one
allowed us to perform laparoscopic surgery on patients traverses the peritoneum anteriorly and posteriorly,
who have had prior abdominal surgery. Thus we have leaving a big raw surface. The kidney is removed through
developed a level of comfort in accessing the abdomen an incision in the abdominal wall, and muscle closure is
even in difficult situations. In some cases, we obtain not as difficult as that in the flank. Over the long term,
access via a retroperitoneal approach, and we enter the you never see a bowel obstruction in a living donor
peritoneal cavity under direct vision. If a patient cannot whose nephrectomy was open, and it’s very rare to have
tolerate general anesthesia, laparoscopic and conven- a wound hernia as well. One would guess that the laparo-
tional surgery are not considered. If a patient has signifi- scopic operation would carry a greater long-term poten-
cant cardiopulmonary disease and can’t tolerate a pneu- tial for bowel obstruction and hernia formation. Can you
moperitoneum, we wouldn’t use laparoscopy, but those comment on that?
patients don’t usually donate kidneys. Dr. Kavoussi: Let me address two issues. First, in
Dr. Andrew S. King (Division of Nephrology, New terms of the operative time, I want to congratulate Dr.
England Medical Center): One of the problems that we Fairchild, because our first nephrectomy in St. Louis
confront in evaluating potential donors is obesity. In took more than eight hours! As I have mentioned several
particular, what is your clinical approach to the obese times, there is a learning curve with this new surgical
potential donor? Does obesity affect your ability to per- approach, but the length of surgery will decrease with
form laparoscopic nephrectomy? experience. In young healthy individuals, an extra hour
Dr. Kavoussi: The largest individual we’ve operated or two of anesthesia does not result in a big increase in
on so far weighed about 290 lbs. We’ve had a lot of morbidity. In terms of long-term complications, you’re
experience doing laparoscopic nephrectomies in large correct to be concerned for both the recipient and the
individuals. I wouldn’t advise operating on an obese pa- donor. Several studies have found that the number of
tient if one is just beginning to perform laparoscopic adhesions is markedly decreased following laparoscopic
donor nephrectomy. Obviously thin individuals are pref-
surgery. We published a study a few years ago that
erable, but one can operate on moderately obese individ-
looked at adhesions following laparoscopy [41]. The pa-uals; we have instruments long enough to reach the kid-
tients had undergone a laparoscopic procedure such asney. Obesity itself is not a contraindication; it’s a matter
a laparoscopic cholecystectomy or tubal ligation and hadof the surgeon’s experience and comfort.
to have another laparoscopic procedure. We mappedI would be cautious about operating on someone who
the adhesions in those individuals and compared themhas a significant smoking history. There tends to be a
retrospectively to a control group of patients who hadlot more lymphatic inflammation around the hilum in
had open surgery. We found a significantly lower numbersmokers.
of adhesions in the patients operated on laparoscopicallyDr. Gopesh Modi (Nephrology Fellow, Division of
than in those who had had open surgery. We do makeNephrology, New England Medical Center): What are the
an incision to remove the kidney, but we do not put achances of renal artery stenosis occurring in the recipient
hand into the abdomen. Thus neither powder nor debrisafter transplantation?
from the outside enters. Time will tell whether there isDr. Kavoussi: I am not a transplant surgeon, but in
an increased number of adhesions and complicationsour experience thus far we haven’t seen that complica-
related to adhesions for laparoscopic donation. In termstion. Does renal artery stenosis occur relatively soon
of abdominal hernias, any time you disrupt what Godafter transplantation or only after the long term?
has made, there is a potential for problems. We had aDr. Richard Rohrer (Chief, Division of Transplant
young woman with an incisional hernia at the site whereSurgery, New England Medical Center): You wouldn’t
we removed the kidney. However, she had had threeexpect that risk to be any different from what is seen
previous surgeries through that incision. As a urologist,normally with living donors. It’s very uncommon.
I’ve seen flank incisions result in hernias.By the way, we did our first laparoscopic nephrectomy
Dr. Fairchild: You mentioned “hand-assisted” lapar-here a few weeks ago. It went well and the recipient is
oscopy. I don’t remember whether you said that youfine, although it was a very long procedure and we had
some anxious moments. were doing those, or whether you’re planning to do them,
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but it seems to me that adhesions might be more of a recipient. How do you deal with it and also preserve
confidentiality?problem with hand-assisted laparoscopy.
Dr. Kavoussi: The operative time was a little bit less Dr. Kavoussi: There is always at least one member
of our team who looks after the donor’s interest and ausing handoscopy. However, you end up having to make
a bigger incision to get your hand into the abdomen. separate team that looks after the recipient. In the case
you referred to, I was the advocate for the donor. TheOnce while doing a radical nephrectomy, I had my fellow
put his hand in the hand-assist device to help with dissec- donor made the decision after consulting his wife. We
decided to remove his left kidney via an open approachtion. After an hour he took it out and he had developed
numbness that lasted 15 minutes. The incision needs to because his wife wanted it that way. That decision was
made not in my office but at the patient’s home. Onebe tight to maintain a good seal. Moreover one is limited
in terms of where the incision is made. It is important should always present the pros and cons of both ap-
proaches and let the patient decide. We no longer presentto realize that it is only the hand and not the whole arm
that is assisting. I don’t know whether hand-assist donor the open approach as the standard at our institution.
Conflict exists when people come in from outside institu-nephrectomy is going to be the standard in the future,
but it might help more people become comfortable in tions where they are told that this approach is experimen-
tal. At our institution we consider the laparoscopic ap-approaching advanced laparoscopic procedures.
Dr. Harrington: Is there any difference in the pre- proach standard.
Dr. Perrone: Have you ever had a situation in whichoperative and intraoperative management of the pa-
tient? You mentioned using mannitol and heparin. I the donor was only willing to donate via a totally laparos-
copic procedure, not the laparoscopically assisted proce-assume that’s what you’re doing in your standard pa-
tients. Do you see any differences in these patients post- dure?
Dr. Kavoussi: As I said, some patients have said thatoperatively?
Dr. Kavoussi: Intraoperatively, the pneumoperito- they only would donate via laparoscopy.
Dr. Annamaria Kausz (Division of Nephrology, Newneum causes an oliguria. Studies have looked at this
problem, which perhaps relates to compression of the England Medical Center): You mentioned that the rates
of major and minor complications with laparoscopy atrenal vein. It’s very important to give these patients a
lot of fluid; in a four-hour operation, we give six to seven your center and in other published studies were equiva-
lent compared with open donation. What about mortalityliters of fluid. We also give our patients mannitol and
furosemide. When we cut the ureter, we see a brisk related to laparoscopic nephrectomy?
Dr. Kavoussi: We’ve had no donor deaths at our insti-diuresis intraoperatively. Another important technique
is to keep the intraabdominal pressure under 20 mm Hg. tutions, nor have any been reported in the other large
series. In terms of laparoscopic nephrectomy, in our ex-The normal pressure for laparoscopy runs about 15 mm
Hg, as you know, and central venous pressure is about perience, there has been no difference between the stan-
dard open and laparoscopic approaches for radical ne-10 to 12 mm Hg. We start at 20 mm Hg just to put our
trocars in. After dissection begins, we drop the pressure phrectomy or benign disease. The key is using good
surgical judgment. We’re all trained in open surgery.down to 15 mm Hg. Depending on urine output we even
might drop the pressure a little lower. During a procedure, if one feels that things aren’t pro-
gressing appropriately, one has to make the decision toDr. Rohrer: You pointed out the equivalence of creat-
inine clearance one year after transplantation in func- do an open conversion. It’s very important when ob-
taining informed consent to let patients know that theretioning kidneys. Could you tell us about graft survival
comparing open and laparoscopically obtained kidneys? is a possibility of open conversion. Our overall conver-
sion rate for laparoscopic nephrectomy is 1%; in ourDr. Kavoussi: In terms of technical failure, there was
no statistical difference in the number of failures in both donor series it is 1.7%. We always inform patients that
we might not be able to complete the operation laparo-groups. We also have seen no difference in graft loss or
rejection between the groups. The technical problems scopically either because of concern about the kidney
or patient safety. All surgeons should have a low thresh-were loss of kidneys from renal vein thrombosis, includ-
ing some in the open group. Ureteral complications were old for converting early and not persevere if one feels
uncomfortable during the procedure. The goal is not toinitially higher in laparoscopically operated patients than
in open, as I mentioned. be cowboys but to do what is best for the patient. This
is critical to avoid operative mortality.Dr. Ronald Perrone (Division of Nephrology, New
England Medical Center): You mentioned that in one Dr. King: This is a risky question for an internist to
ask, and it relates to the future of this procedure. Onecase the wife, who was the recipient, elected not to re-
ceive a laparoscopically donated kidney. This now raises of the problems alluded to by Dr. Rohrer is the entry
into the peritoneum. Do you think there is a possibilitya new level of interaction between the donor and the
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that laparoscopic surgery could be done entirely through individuals apply laparoscopic techniques for removing
malignancies in kidneys that are 8 to 10 cm. The data Ia retroperitoneal approach?
Dr. Kavoussi: Yes, this has been done in Europe, showed in terms of advantages to the donors undergoing
laparoscopic nephrectomy are very similar to what wewhere a complete retroperitoneal laparoscopic nephrec-
tomy has been used for donation. This is an approach we see for patients undergoing laparoscopic radical ne-
phrectomy. This past year at the American Urologicalsometimes use for nephrectomy for benign or malignant
disease. It is a more difficult approach because the anat- Association annual meeting, several papers reviewed the
mid- to long-term cancer cure rates comparing laparos-omy is very different. The reason we prefer to use a
transperitoneal approach is that anatomic landmarks are copic to open radical nephrectomy. There were no statis-
tical differences between them. In urology, I believe thatmore readily recognized and for teaching purposes.
Dr. Modi: Was there an initial amount of skepticism laparoscopic nephrectomy has evolved to become an
accepted option for removing kidneys.to laparoscopic cholecystectomy? Can we draw a parallel
with laparoscopic nephrectomy? Should we believe that Dr. Harrington: What about doing renovascular by-
pass laparoscopically?this newer technology will become the standard proce-
dure? Dr. Kavoussi: Some animal work has been done with
that procedure. I don’t know of any clinical instancesDr. Kavoussi: I believe so. There are historical paral-
lels every time something new is introduced in medicine. in which renal bypass surgery has been done. Of note,
laparoscopy is also competing with the less invasive op-I’m sure there were similar discussions regarding risks
when hemodialysis was introduced. There was a lot of tion of stenting, which, if I had the choice of laparoscopic
repair or stent placement by one of my interventionalcriticism of laparoscopic cholecystectomy early on. But
laparoscopic cholecystectomy is technically a much easier colleagues, I would opt for the stent.
Dr. Rohrer: I personally have little doubt that, withprocedure than a laparoscopic nephrectomy. Moreover,
a lot more cholecystectomies are being done throughout refinement, minimally invasive donor nephrectomy will
become the standard. But I don’t think that laparoscopicthe world than nephrectomies. Initially, the complication
rates, for instance, common bile duct injuries, were much nephrectomy has yet led to an increase in donors. The
sharp rise in living donors of transplants in the last fivehigher for laparoscopic cholecystectomy than open cho-
lecystectomy. As people become more comfortable with years or so has been, in my view, entirely due to a greater
willingness of transplant surgeons to pursue living-unre-the technical aspects of laparoscopic donor nephrec-
tomy, the procedure will become more accepted and the lated renal transplantation. We do 60/40 live-donor ver-
sus cadaver-donor transplants here at New England Medi-complication rate will continue to fall.
I would like to point out that laparoscopy is a stepping cal Center. I have no doubt that patients have been
flocking to Baltimore recently who raise the overall trans-stone in the evolution of surgery. Eventually one would
like to completely eliminate incisional surgery. We as plant numbers, but I don’t think that the true organ
donor potential of the country is going to change as awell as others are working on technologies that would
allow removal of tumors using transcutaneous approaches result of this.
Dr. Kavoussi: Renal donors are highly motivated.without making an incision. Similarly, investigators are
trying to perfect xenograft technology to eliminate the As such it will be difficult to ascertain the impact of
laparoscopy on donation. However, I believe the recentneed for donor surgery. In the future, surgery will vanish
and I’ll be knocking on your door for a job! press it has generated has made more people aware of
donation as an option.Dr. Harrington: Outside the transplant world, what
are you and others doing for patients with tumors or Dr. Klemens B. Meyer (Division of Nephrology, New
England Medical Center): Has the availability of thistrauma who might need a nephrectomy? And are there
other renal applications of laparoscopy? approach changed your threshold for accepting donors,
that is, the threshold in terms of their health? Should itDr. Kavoussi: An article in Kidney International de-
scribed laparoscopic renal biopsy for patients who were change that threshold in the future? Would it be reason-
able to operate on less-than-perfect donors?not candidates for, or who failed, percutaneous biopsy
[42]. Another renal application is the removal of nonma- Dr. Kavoussi: No, I don’t believe so at all. We should
use the same criteria as one would with open donation.lignant kidneys causing renal vascular hypertension or
chronic infection. A number of our patients on dialysis Dr. Guru Manjunath (Nephrology Fellow, Division
of Nephrology, New England Medical Center): Have youhave chronic renal infections and require bilateral ne-
phrectomy. There is no question that laparoscopy is a had any experience with partial nephrectomies via lapar-
oscopy?much less morbid method of removal. For malignancies,
depending upon an individual’s experience, large kid- Dr. Kavoussi: Laparoscopic procedures have been
used for partial nephrectomies both for duplicated sys-neys can be removed. The largest kidney we have re-
moved laparoscopically was about 16 cm. I think most tems and small tumors. For small tumors, if they are
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Lampel A, Fischer C, Humke U, Miller K: Laparoscopic nephrec-located peripherally, one can go in laparoscopically and
tomy: The experience of the laparoscopy working group of the
enucleate the tumor. Our groups and others have used German Urologic Association. J Urol 160:18–21, 1998
cryotherapy in some of the smaller peripheral lesions to 10. Ratner LE, Cisek LJ, Moore RG, Cigarroa FG, Kaufman HS,
Kavoussi LR: Laparoscopic live donor nephrectomy. Transplanta-freeze them in situ. No long-term data are available in
tion 60:1047–1049, 1995terms of efficacy in ablating the tumor. However, the 11. Flowers JL, Jacobs S, Cho E, Morton A, Rosenberger WF,
results seem to be similar to those for open partial ne- Evans D, Imbembo AL, Bartlett ST: Comparison of open and
laparoscopic live donor nephrectomy. Ann Surg 226:483–489, 1997phrectomy thus far.
12. Ratner LE, Kavoussi LR, Sroka M, Hiller J, Weber R, SchulamDr. Perrone: Could you tell us what you know about P, Montgomery R: Laparoscopic assisted live donor nephrectomy:
laparoscopic nephrectomy for huge polycystic kidneys, A comparison with the open approach. Transplantation 63:229–233,
1997the 16, 18, 20 cm and larger kidneys?
13. Kasiske BL: The evaluation of prospective renal transplant recipi-Dr. Kavoussi: Laparoscopic techniques have been ents and living donors. Surg Clin North Am 78:27–39, 1998
used in two ways in patients with polycystic kidney dis- 14. Smith PA, Ratner LE, Lynch FC, Corl FM, Fishman EK: Role
of CT angiography in the preoperative evaluation for laparoscopicease. First, in relieving pain in patients with polycystic
nephrectomy. Radiographics 18:589–601, 1988kidney disease, one can laparoscopically unroof the cysts
15. Tsuda K, Murakami T, Kim T, Narumi Y, Takahashi S, Tomoda
to shrink the size of the kidney. The results are similar K, Takahara S, Okiyama A, Oi H, Nakamura H: Helical CT
angiography of living renal donors: Comparison with 3D Fourierto what has been found in open unroofing of the kidneys,
transformation phase contrast MRA. J Comput Assist Tomogrbut it’s a less morbid approach. It might be helpful for
22:186–193, 1998
patients with reduced renal function and who are having 16. Dachman AH, Newmark GM, Mitchell MT, Woodle ES: Helical
CT examination of potential kidney donors. Am J Roentgenolsignificant pain, so that the kidney can be preserved.
171:193–200, 1998Second, several groups including our own have done
17. Kuo PC, Bartlett ST, Schweitzer EJ, Johnson LB, Lim JW,
nephrectomies for polycystic kidney disease. These are Dafoe DC: A technique for management of multiple renal arteries
very big kidneys, and the first maneuver is to aspirate after laparoscopic donor nephrectomy. Transplantation 64:779–
780, 1997the cysts with a needle, thereby slowly shrinking the
18. Chiu AW, Azadzoi KM, Hatzichristou DG, Siroky MB, Kranekidney to a manageable size. The vessels can then be RJ, Babayan RK: Effects of intra-abdominal pressure on renal
taken after the kidney is decompressed. It is straightfor- tissue perfusion during laparoscopy. J Endourol 8:99–103, 1994
19. Chang DT, Kirsh AJ, Sawczuk IS: Oliguria during laparoscopicward to remove the kidney laparoscopically.
surgery. J Endourol 8:349–352, 1994
20. Ratner LE, Kavoussi LR, Schulam PG, Bender JS, MagnusonReprint requests to Dr. L. Kavoussi, Chief, Department of Urology,
TH, Montgomery R: Comparison of laparoscopic live donor ne-Johns Hopkins Bayview Medical Center, 4940 Eastern Avenue, Balti-
phrectomy versus the standard open approach. Transplant Procmore, Maryland 21224, USA.
29:138–139, 1997E-mail: pooks@JHMI.com
21. Ratner LE, Montgomery RA, Kavoussi LR: Laparoscopic live
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